Impairment of ultrastructure and cytoskeleton during progression of cardiac hypertrophy to heart failure.
Studies at the morphological and molecular level have found that transgenic (Tg) mice that overexpress myotrophin in the heart develop hypertrophy at the early age of 4 weeks; this condition worsens to heart failure (HF) at approximately 36 weeks. However, how the sustained effects of alteration in cytoarchitecture of the contractile machinery lead to malfunction of the normal heart remains unclear. Our data have shown that at 4 weeks, the cytoarchitecture observed in left ventricular (LV) tissue samples of Tg mice is similar to that of wild-type (WT) mice. However, as the disease progresses, cardiomyocytes show deterioration in some mitochondrial as well as myofibril features, evidenced by swelling of mitochondria, misalignment of myofibril structure, and blurring as well as breakage of Z-lines. At 36 weeks of age, Tg mice (the group in transition from hypertrophy to HF) show significant degenerative changes in cardiomyocytes, including swelling of mitochondria, disruption of the nuclear membrane, and absence of myofibril structure. Besides these, formation of myelin bodies was also observed, a feature typically found in human hearts with HF. Changes in Z-line architecture were further confirmed by alteration in the gene expression profile of desmin and tubulin, the two main cytoskeletal proteins. We thus conclude that Tg mice overexpressing myotrophin show no visible changes in the initiation phase (4 weeks); however, as the disease progresses, alterations in the cytoskeleton are found during the transition phase from hypertrophy to HF (36 weeks onward). Our data suggest that treatment for prevention/reversal of hypertrophy should start at the early stage of hypertrophy to prevent its transition to HF.